Non-Traumatic Lower Limb Vascular Complications in Endurance Athletes. Review of Literature  by Ehsan, O et al.
REVIEW
Non-Traumatic Lower Limb Vascular Complications in
Endurance Athletes. Review of Literature
O. Ehsan,1 A. Darwish,1 C. Edmundson,2 V. Mills1 and H. Al-Khaffaf1*
Departments of 1Vascular Surgery, Burnley General Hospital, Burnley, Lancashire,
and 2Technology, University of Central Lancashire, Preston, UK
Objectives. To review the importance, clinical features, investigations, management and prognosis of non-traumatic
vascular injuries, affecting the lower limbs of endurance athletes.
Design. Review of literature.
Materials and methods. A literature search was conducted from Medline, Pubmed, the National Electronic Library for
Health, Google and Yahoo search engines for related articles and case reports regarding non-traumatic vascular
complications involving the lower limb of endurance athletes.
Conclusions.Non-traumatic vascular complications affecting the lower limbs include endofibrosis, stenosis/kinking of iliac
arteries, dissection of external iliac artery, adductor canal syndrome, popliteal entrapment syndrome, chronic exertional
compartment syndrome and effort-induced venous thrombosis. These are important as they affect athletes at the peak of their
career and can be confusing to diagnose. The management is relatively well documented and produces good results in short
term but the long term results are not known.
Key Words: Endurance athletes; Endofibrosis; Kinking of iliac arteries; Dissection of external iliac artery; Popliteal
entrapment syndrome.
Introduction
Professional athletics is a highly demanding field
requiring optimum physical fitness and mental health.
Endurance athletes undergo vigorous training sche-
dules to reach the required level of physical fitness.
These stresses on the body can lead to physical or
functional problems of many organs due to macro or
micro-trauma resulting in the development of mech-
anical injuries to vascular, neurological and the
musculoskeletal systems. The majority of injuries are
related to a known insult, such as injury sustained
during contact sport or after a fall. Some vascular
complications, which are now being increasingly
diagnosed, are related to stress and do not correlate
with any identifiable physical trauma.1–4 These have
been termed non-traumatic vascular complications
and can result in decreased performance and an
inability to continue in professional competition.
Few vascular surgeons encounter these stress
related injuries which include endofibrosis (intimal
hyperplasia),5 – 9 stenosis or kinking of the iliac
arteries in flexion,6,7,10 dissection of the external iliac
artery,1,11,12 popliteal entrapment syndrome,13 – 17
adductor canal syndrome,13 effort-induced venous
thrombosis16,18–20 and chronic exertional compart-
ment syndrome.16,21,22 Presentation is usually with
exercise-induced leg pain resulting in compromised
training, restriction of activities and sometimes pre-
mature retirement. There have been some anecdotal
reports in literature since the 1970s and 1980s but only
recently has attention been turned towards investi-
gating the arterial system and identifying the vascular
causes.2,23 This has changed the management of
exercise-induced leg pain, with the possibility that
these patients may be able to continue competitive
sport. This paper presents a review of the literature for
related articles and case reports about non-traumatic
vascular complications involving the lower limb in
endurance athletes using Medline, Pubmed, National
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Clinical Presentation
Non-traumatic vascular injuries involving lower limb
include endofibrosis (intimal hyperplasia),5–9 stenosis
or kinking of the iliac arteries in flexion,6,7,10 dissection
of the external iliac artery,1,11,12 popliteal entrapment
syndrome,13–17 adductor canal syndrome,13 effort-
induced venous thrombosis16,18–20 and chronic exer-
tional compartment syndrome.16,21,22 The affected
vessel in endofibrosis, kinking and dissection or
aneurysm is the external iliac artery in approximately
90% of cases.7 Complications involving proximal
vessels have a high incidence in cyclists.2,3 The
involvement of distal vessels has been reported more
frequently than proximal vessels in long distance
runners, skiers and in contact sports like rugby, soccer
and basket ball.2,6,7,11,24–35
The usual presentation is of a young, fit, highly
trained athlete, competing at a professional level, who
started training at an early age (12–15 years). These
athletes have no identifiable risk factors and are at an
age where atherosclerosis is very uncommon.2,8,22,26,36
Clinical presentation may be unilateral or bilateral.
Endofibrosis and kinking are unilateral in around 85%
of the cases and bilateral in 15%.3,37 Popliteal entrap-
ment syndrome and chronic compartment syndrome
are more frequently bilateral (25 and 68%, respect-
ively).38–40 Symptoms may vary from discomfort in
the leg to occasional critical ischaemia if complications
with arterial dissection or occlusion arise. The prin-
cipal presenting complaint is of pain and a feeling of
lack of power in the leg with intermittent claudication,
appearing at near maximal exercise or on high
intensity effort.3,7,8,12,13,36,37 This is followed by a
progressive decrease of performance. Exercise related
subjective sensation of a swollen thigh and discomfort,
hardening or cramps in the buttock, thigh or calf
muscles are also described by some of the athletes.
Numbness of the limb and parasthesia on the plantar
aspect of the foot can also be present related to running
on inclines or repetitive jumping.2,9,13,32,40,41 Although
often constant with time, the symptoms can occasion-
ally be progressive. Like the claudication of peripheral
vascular disease, symptoms in affected athletes are
recurrent for a defined intensity of exercise and settle
after rest.41 Patients with chronic compartment syn-
drome can present with distal neurological symptoms,
such as parasthesia or foot drop.42
Frequently there are no signs on physical
examination at rest: pulses, colour of the limb and
temperature are usually normal. In some athletes
muscle wasting in the thigh and calf can be noted.
Absent dorsalis pedis or posterior tibial pulses on
vascular examination are rare but can be found in
cases of critical ischemia. Musculoskeletal and neuro-
logical examination is often normal. On post exercise
examination, an arterial bruit may be present over the
affected vessel. In cases of external iliac artery
endofibrosis or kinking, this can be found in most
at the groin with the hip maximally flexed and a
difference in tone or intensity of the bruit may be
noticed.3,7,9,41,42
The distribution and behaviour of symptoms
means that they may be mistaken for lumbar disc
herniation, sciatica, transient lumbar nerve root
entrapment, sacro-iliac dysfunction, medial tibial
syndrome, stress fracture, muscle hernia or muscle
imbalance.1,3,24,34,37,41,42
Investigations
Diagnosis of these vascular lesions can be difficult
because they can be confused with musculoskeletal
or neurological lesions and have a similar presen-
tation. Simple vascular investigations may also be
inconclusive.
Ankle to brachial pressure indices (ABPI) before
and after maximal exercise is a simple, non-invasive
and useful method to investigate these vascular
lesions in athletes.43 It also differentiates exercise-
induced leg pain of vascular from non-vascular origin.
Normal ankle-to-arm index or normal Doppler velo-
city profiles at rest do not exclude the possibility of
an arterial origin of the pain.24 The best diagnostic
tool to determine the hemodynamic consequences of a
kink or stenosis in the aorto-ilio-femoral axis is the
measurement of the ABPI after exercise. Following
maximal exercise (on bicycle ergometer) ABPI is ,0.5
in 85% of individuals with disease.24,41 A value 0.66 at
1 min after heavy-load exercise has been described as
the optimal cut-off point for clinical use, providing a
90% sensitivity and 87% specificity in the diagnosis of
moderate arterial lesions.44 In athletes with unilateral
symptoms, a between-leg ABPI difference of 0.18
(at the first minute of recovery) may be considered
as a useful additional diagnostic criterion.45
Although ABPI after exercise is most useful in
diagnosing these conditions, other investigations are
also helpful. Imaging techniques (ultrasound, echo-
Doppler, angiography, arterial digital subtraction
angiography and magnetic resonance imaging)
are necessary for proper classification. Specific
manoeuvres such as hip flexion, psoas contraction,
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and high-intensity exercise, when used in combination
with these imaging techniques can be valuable.2,7,46
The use of ultrasound and colour Doppler has been
found to be useful, but these investigations are
operator dependant. They are also difficult to interpret
as changes in velocity and waveform only appear after
maximal exercise and/or specific positioning of the
limb and can be easily overlooked. Ultrasound
examination at rest may be diagnostic in 80% of
patients with endofibrosis and is also useful for the
diagnosis of popliteal entrapment syndrome when
carried out with foot in dorsiflexion.24,36 The use of
colour Doppler has been found to be effective in
visualizing and scaling kinks and intravascular lesions
in the external iliac artery (Figs. 1 and 2). In the
common iliac artery duplex imaging is useful at
visualizing and measuring intravascular lesions
only.10,47
Compression of the popliteal artery can be seen
with different imaging modalities in 50–60% of the
normal asymptomatic population.48 With duplex
scanning popliteal entrapment can be diagnosed
while carrying out active plantar flexion of the foot
against resistance with the knee slightly flexed, but
this technique has a high false positive rate, especially
in athletes.43,49 Confirmation of popliteal entrapment
syndrome is based on the anatomical outline (dis-
placement of the popliteal artery) obtained with
arteriography or magnetic resonance imaging.50 In
53% of the patients there is occlusion of the popliteal
artery at the time of presentation.51
Magnetic resonance angiography (MRA) is proving
to be beneficial at detecting excessive kink/compres-
sion, particularly of the common iliac and popliteal
arteries.17,47,52 MRA measures the ratio of vessel
length to straight-line distance with extended and
flexed hips and is useful in measuring excessive vessel
length.10,53,54
Invasive investigations (arteriography or angio-
scopy) are used to confirm the diagnosis (Figs. 3
and 4) and give anatomical details before surgical
intervention.7,12,24,41 Venography can demonstrate
popliteal vein compression in a large proportion of
patients with chronic venous insufficiency, but the
lesion is likely to be pathological only in a small
fraction of these patients as asymptomatic morpho-
logic popliteal vein entrapment can be found in
around 27% of the healthy population.55
Chronic compartment syndrome can be assessed by
compartment pressures measurement, stress plethys-
mography, arteriography and magnetic resonance
imaging.40 Compartment pressures can be measured
Fig. 1. Duplex scan of common iliac artery of symptomatic
athlete with straight leg showing normal vessel with normal
flow rate.
Fig. 2.Duplex scan of common iliac artery in bent leg of same
athlete (as Fig. 1), showing kink in vessel with high flow rate.
Fig. 3. Angiogram showing straight common iliac artery in
straight leg of symptomatic athlete.
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with a hand-held intracompartment pressure moni-
toring system.34,35 Normal compartment pressures in
athletes are between 10–15 mmHg both at rest and
exercise. In symptomatic patients the pressure exceeds
50 mmHg which has been suggested as diagnostic
criteria by Pauranen et al.56 Mannerino et al. found
consistently high pressures above 100 mmHg to be
suggestive of chronic compartment syndrome. They
do not believe in any cut-off level to be diagnostic, as
symptoms become evident at different pressure
values.34
Pathophysiology
The pathophysiology of the vascular complications is
mainly related to remodeling in cardiovascular sys-
tem. The main effect is hypertrophy, which is more
pronounced on the left ventricle and less pronounced
on large arteries. It has been found that mean arterial
diameter and mean arterial diastolic intima-media
thickness (IMT), detected by B-mode ultrasound, is
13% higher in athletes (cyclists) than in control
subject.57
The aerodynamic posture, with the thigh strongly
flexed, as adopted by cyclists, lead to hemodynamic
stress on the vessel wall. At maximal exercise such
vascular stress is produced by a high cardiac output,
arterial hypertension at maximal strain and local
turbulence in the external iliac artery. In this flexed
posture, the external iliac artery is abnormally sinuous
and the vascular stress leads to intimal thickening,
maximal in the greatest curve of the arterial bending.
Ischaemic manifestations have been suggested to be
produced when exaggerated bending of the artery is
associated with stenotic intimal thickening.9 On direct
examination of the affected external iliac artery during
operation, it has been found to be elongated display-
ing abnormal loops. Occasionally an early psoas
muscle branch acts as a brace causing kinking of the
artery with movement of the psoas muscle.9 Isolated
thickening of arterial intima has been reported in
resected specimens of patients with endofibrosis.9,25
Recently, medial and adventitial thickening, in
response to stress related repetitive trauma, has also
been noted as a cause of arterial stenosis.58
Dissection of the external iliac artery is an uncom-
mon development in patients with endofibrosis.12 It
has also been reported to occur spontaneously after
strenuous exercise, in a histologically normal vessel
wall.11,59 Popliteal artery dissection or aneurysm
occurs because of trauma to the arterial wall, leading
to premature localised atherosclerosis. Thrombosis
within the aneurysm can cause an acute occlusion of
the artery.38
Stenosis of the superficial femoral artery in the
adductor canal produces the adductor canal syn-
drome, which may be acute or chronic. This is due
to compression of the artery in the middle third of
the canal by the hypertrophied adductor magnus
and vastus medialis muscles.42 Arterial compression
by an abnormal musculotendinous band arising
from the adductor magnus muscle and lying
adjacent and superior to the adductor tendon has
also been reported as causing this syndrome.60
Different causes for popliteal compression syn-
drome have been described. Physiological popliteal
artery entrapment syndrome is due to hypertrophy of
the gastrocnemius, soleus, plantaris or semimembra-
nosus muscle causing vascular compression.61,62
Embryological popliteal artery entrapment syndrome
results from anomalous anatomic relationships
between the popliteal artery and its surrounding
musculotendinous structures. The artery may have
an aberrant course medial to the medial head of
gastrocnemius or an abnormally high and/or internal
insertion of the medial head. In other cases there may
be a small fibrous band of gastrocnemius or popliteus
muscle causing constriction of the vessel.13,48,50,63 The
Fig. 4. Angiogram showing kinked common iliac artery in
bent leg of same athlete (as in Fig. 3).
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popliteal vein may also be involved in 8% of the
patients.51 It has been found that with forced plantar
flexion of the foot, the neurovascular bundle may be
deviated and compressed laterally. This repeated
compression causes trauma to the arterial wall,
leading to premature localized atherosclerosis. The
progression of this pathology can result in arterial
thrombosis. Acute ischemia can occur if there is an
occlusion of the artery or thrombosis within an
aneurysm.13,38,46,61 In some cases the popliteal artery
may be stenosed or occluded by advential cystic
disease.64
Compartment syndrome occurs because of
increased pressures within the muscle compartment
which is surrounded by bone and deep fascia. Two
forms of chronic compartment syndrome are recog-
nized, chronic exertional compartmental syndrome
and chronic venous compartmental syndrome.
Chronic exertional compartmental syndrome, seen in
athletes, mainly affects the anterior compartment and
the fibular muscle group, and rarely the lateral muscle
compartment. Chronic venous compartmental syn-
drome is associated with severe venous disease. The
increase in pressure impairs the micromuscular blood
flow, resulting in ischaemic pain. The cicatricial
destruction of the crural fascia which exerts an effect
on the intracompartmental pressure with walking, has
also been considered as the cause of pain.22,28
Unlike the upper limb, effort thrombosis is rare in
the lower limb, with very few cases reported among
long distance runners and skiers.4,18–20,65 It has been
proposed that micro-trauma during effort in combi-
nation with impaired venous backflow and fibrotic
transformation of the venous wall can lead to
thrombus formation.66 Factor V Leiden mutation, a
genetic variant in the prothrombin gene and rarely
hereditary thrombophilia have also been shown to
confer an increased risk for venous thrombosis.67,68
Management
Conservative treatment mainly indicates an advice to
change sports activity.7 The desire to continue com-
petitive sport is the indication for carrying out an
invasive procedure or surgery on these patients, but
these patients are often demanding, expecting nothing
but full restoration following surgery.41,69 With recent
knowledge and growing interest of many surgeons in
this field, many options are becoming available with
good results.
The management options available include bal-
loon angioplasty, endarterectomy with vein patch
angioplasty, surgical mobilization of the arteries for
functional lesions, vascular reconstructions in case of
intravascular lesions and myo-fascial release for
entrapment or compartment syndromes.7,10,17,39,40
Balloon angioplasty offers short term symptomatic
relief only.26,70 It has also been postulated that
percutaneous transluminal angioplasty and intra-
vascular stenting may be contraindicated because of
a high risk of dissection7 and reactive intimal
hyperplasia.2,7
For endofibrotic lesions of external iliac artery,
angioplasty-endofibrosectomy (endarterectomy with
vein patch angioplasty) or recalibrated saphenous vein
graft or shortening of the artery seem to be efficient to
allow an early return to competition.2,3,8,41
Kinking is considered to be the most important
cause (60–70%) of flow restriction in patients with
external iliac artery involvement. Excision of the
kink and vascular reconstruction is the main option
used for functional kinks. Recently, successful use of
surgical release of iliac arteries has been reported. This
procedure has been found to be less invasive and a
better alternative to vascular reconstruction with 87%
of athletes returning to their desired high level of
competition.7,10
Treatment options used for dissection of iliac artery
include conservative management, percutaneous
transluminal angioplasty and subsequent Plamaz
stent placement or operative repair with bypass
using saphenous vein or a graft.1,11,12,37
Occlusion of the artery in adductor canal syndrome
is treated with vein patch or vein bypass.42 For
popliteal entrapment syndrome the treatment of
choice is the surgical creation of normal anatomy
within the popliteal fossa. Posterior approach to the
popliteal artery is preferred to the medial approach.17
Liberation of popliteal artery and/or vein is achieved
by surgical release of the soleus muscle from its tibial
attachments, resection of its fascial band and resection
of the plantaris muscle. Superficial fascia is not
apposed on closure. In cases of intimal damage,
operative reconstruction of an occluded segment
with autologous vein graft has produced satisfactory
results.13,17,38,46
Chronic exertional compartment syndrome is man-
aged initially by rest for 2–3 months, followed by
gradual resumption of activities.42,72 Some patient
respond to this conservative management. Operative
management consists of open40 or subcutaneous73
fasciotomy using a subcutaneous endoscope.74 This
can be done under local or general anaesthesia. After
operation the patient should be encouraged to resume
light exercise as soon as possible to prevent recurrence
due to closure of the fascia. Return to full performance
has been reported in all the operated cases within 6–8
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weeks without any recurrence in 4 years follow-up.73
Effort induce venous thrombosis is managed by
transluminal catheter-directed thrombolysis.55,75
Prognosis
The natural course of these vascular entities in athletes
is unknown. Stenosis, dissection and aneurysmal
degeneration have been reported.12,14 There has been
one reported case of a cyclist, having endofibrosis of
the external iliac artery, whose symptoms persisted for
40 years, being diagnosed as having a stenotic lesion
and remained well after surgery.69
The long-term follow-up of these cases, which have
been managed conservatively or by invasive pro-
cedure (angioplasty or surgery), is lacking.7,38 The
short term results are very convincing, with up to 87%
of athletes being reported as successfully returning to
their desired high level of competition.10,24,41
Conclusion
High endurance athletes can present with lower
limb complaints affecting their performance. Although
most of these are of musculoskeletal or neurological
origin, there are different vascular complications to be
considered as well. Endotheliosis with stenosis, a kink
or dissection in the external iliac artery, adductor canal
syndrome, popliteal entrapment syndrome, chronic
exertional compartment syndrome and effort induced
venous thrombosis are nowwell known entities. These
patients are very demanding and while approaching
the surgeon they expect nothing but complete recov-
ery with restoration of full activity.
Ankle-brachial pressure indices after maximal
exercise, supported by echo-Doppler and magnetic
resonance imaging have been found to be good
diagnostic tools. Angiography is usually performed
when a surgical option is being considered. With good
short-term results available and increasing surgical
expertise in this field, athletes should be given an
option to carry on with their sport. Surgical options
have been found to be more successful than angio-
plasty, allowing an early return to competitive level.
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